Currently, there is limited information regarding the status of NHS programmes in SA.
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The presence of a hearing impairment in a newborn baby may result in devastating long-term consequences. These include communication delays, emotional disturbances, cognitive deficits and, subsequently, future employment difficulties and career limitations. [1] Failure to make the diagnosis within the first 6 months of life results in the failure to achieve vital stages in speech and language development, and consequently indicates a poorer prognosis for the individual with regard to their cognitive abilities. [2] An expected language delay of 2 -4 years is associated with hearing loss that is detected in infants after the age of 6 months. [3] It is therefore imperative to detect hearing impairments as early as possible in neonates and infants.
The incidence of hearing impairments in resource-poor countries is estimated at 6 per 1 000 live births, compared with an estimated incidence of 2 -4 per 1 000 in industrialised countries. [1] Prior to 1993, in the USA, only high-risk infants were assessed for hearing loss, and the auditory brainstem response (ABR) was the preferred method used. [4] Since the recommendation from the National Institutes of Health in the USA that all infants should be screened within the first 3 months of life, all 51 states in the USA have successfully implemented universal newborn hearing screening (UNHS) programmes. [5] Currently no formalised and standardised system of newborn hearing screening (NHS) exists at state-run hospitals in Johannesburg, South Africa (SA). Only risk-based hearing screening occurs, and this is also not systematic. Evidence shows that targeted screening misses approximately 50% of infants with hearing impairments. [4] Therefore increased efforts are warranted towards ensuring that every baby is screened, not only those with identified risk factors.
SA has made advances towards achieving UNHS by issuing a hearing screening position statement, which is based on the 2000 position statement of the Joint Committee on Infant Hearing (JCIH) in the USA. [6] These guidelines by the Professional Board of Speech, Language and Hearing Professions of the Health Professions Council of SA (HPCSA) [7] propose that: • all infants should be screened by no later than 1 month of age • a full audiological examination should be offered by 3 months of age for those infants not passing the initial screening test • infants who are confirmed as having hearing loss should receive appropriate intervention by no later than 6 months of age.
This HPCSA position statement endorses UNHS as the ideal approach to achieve early hearing detection and intervention (EHDI) goals. Early identification of hearing impairments results in the appropriate intervention being implemented before 6 months of life. [8] Early intervention leads to improved language, cognitive and emotional development in the hearing-impaired child. A 'disabling hearing impairment' in children <15 years is defined by the World Health Organization as a permanent unaided hearing threshold of 31 dB hearing level or more in the better ear.
ARTICLE from the HPCSA regarding EHDI were published, Theunissen and Swanepoel [5] reported that only 27% of public sector hospitals in SA were implementing any form of NHS. A recent national survey of audiological services in the private healthcare sector in SA showed that there is significant delay in the overall diagnosis and provision of intervention for hearing loss. [11] In addition to the fact that UNHS is not mandated by the SA Department of Health, there is a dearth of contextually relevant evidence regarding challenges encountered while implementing NHS in public healthcare. The present study therefore aimed to explore these challenges at a secondary level hospital in Johannesburg.
Methods
The study adhered to the Singapore Statement on Research Integrity guidelines. [12] Ethical clearance was secured from the University of the Witwatersrand's Committee for Research in Human Subjects (ref no. M111119).
The design adopted was a prospective feasibility assessment. This was conducted at the Rahima Moosa Mother and Child Hospital (RMMCH), an academic secondary level hospital in Johannesburg. In order to provide a realistic assessment of the feasibility of implementing UNHS at this institute, only the existing staff and equipment were utilised. This context is typical of the majority of secondary level hospitals in the country; therefore the findings could be easily generalised.
Study population and sample
The study population was drawn from all neonates born at RMMCH, using stratified systematic sampling. Selected neonates from the postnatal wards, the neonatal unit and neonatal intensive care unit (NICU) were screened. The delivery rate at RMMCH at the time of the study was 20 -30 neonates per day. A representative sample was required, and a total of 10 neonates was considered to be a realistic number to be screened by 1 audiologist daily. To avoid enrolling a biased sample, every third neonate appearing on the birth registries in the labour ward and in the theatre was added to the list of potential neonates to be screened, if they met the eligibility criteria. The sample was stratified to be representative of the hospital's current caesarean section rate of 30%, by selecting 30% of the neonates to be tested from the theatre birth register, and the remaining 70% from the labour ward registry. A total of 10 neonates was identified every day. This stratified systematic sampling was done at the start of each weekday by the researcher. It is acknowledged that this method of sampling, while it was aimed at achieving a representative sample, compromised the true nature of UNHS as defined; however, careful records of screened and non-screened neonates were kept to allow appropriate analysis of the data.
Inclusion criteria: • all neonates born at RMMCH between 1 January 2012 and 31
March 2012 • at the time of screening, <30 days old.
Exclusion criteria:
• neonates not born at RMMCH (transferred in from other facilities) • any neonate whose parent/caregiver refused to provide informed consent • neonates who had spent more than a month in NICU, as they would have exceeded the age cut-off of 1 month.
Study procedure
Hearing screening took place during weekday working hours, and was conducted by the hospital's audiologists during the defined 3-month period. This period was dictated by the length of time allowed for the study, as this formed part of partial fulfillment requirements for a degree. The fact that hearing screening was already being conducted at the hospital as part of the audiology clinic caseload, albeit not universal, but part targeted screening, allayed the researchers' fears of possible 'teething' problems that would have been a confounding variable in this study. The screening team consisted of four audiologists. One audiologist was assigned to carry out the screening tests each week, on a rotational basis, with the screening of the neonates to be factored into their already busy schedules, bearing in mind that this was a feasibility study of UNHS implementation.
Measurements
Each neonate who was screened first underwent an otoscopic examination, to assess patency of the ear canal. Thereafter, distortion product otoacoustic emissions (DPOAE) screening, using a Natus Bio-logic AuDX with DPOAE, was conducted, giving either a 'pass' or 'refer' result. The most comprehensive protocol on the machine, with a 4/6 frequency pass criterion, was used.
The audiologist conducting the screening recorded the results, indicating the time taken to screen the neonate, and record the challenges encountered, and what the plan of action would be. Unless follow-up was clinically indicated, babies receiving a 'pass' result were discharged from audiology. Newborns receiving a 'refer' result were rescreened within a month of initial screening. The rescreening procedures included an otoscopic examination, a tympanogram and a repeat DPOAE. If the results of the rescreening procedures were still inconclusive, the infant was referred for diagnostic ABR measures.
Data analysis
Data were analysed using descriptive statistics. Frequency calculations of the emergent themes were calculated, and results described qualitatively.
Results

Study population
All infants were <30 days old during data collection. Table 1 depicts the demographic profile of the sample.
Of the neonates included in the study, 79 (65.3%) were born via normal vaginal delivery, with 2 (1.7%) requiring assisted delivery and 40 (33%) born via caesarean section. This delivery distribution pattern was consistent with the hospital's anticipated caesarean section rate of 30%. During the screening period, there were 855 caesarean section deliveries, making up 31.2% of the total deliveries. Of the 121 study participants screened, 90 (74.4%) were HIV-unexposed, 29 (24%) HIV-exposed, and 2 (1.6%) born to mothers who had, at the time of screening, not yet been tested for HIV.
During the study period, 2 740 neonates were born at RMMCH. A total of 490 neonates were identified and assigned study numbers. Of the sample group, two mothers refused consent for their infants to be screened. A total of 121 neonates were screened, representing 24% of the identified neonates. A total of 369 neonates (75.3%) were identified for potential screening, but did not undergo screening. This ommission was primarily due to the lack of staff to perform the screening, and is further discussed under the challenges experienced. Therefore, of the 2 740 neonates born at RMMCH during the study period, 4.4% underwent screening.
Screening results
As depicted in Fig. 1 below, 57 of the 121 participants (47.1%) had a 'refer' result at the first screening, while the remainder were discharged, as they passed the screening bilaterally. Of the 57 due to ARTICLE come back for repeat DPOAE, only 20 (35.1%) returned for followup. Upon repeat DPOAE, 18 of the 20 (90%) passed, and therefore were subsequently discharged, and 2 (10%) required ABR, as per the research protocol. Ultimately only 83 neonates were successfully screened, as 38 individuals were lost to follow-up.
Challenges identified during screening
Challenges identified during screening included factors related to the actual screening process itself, as well as other logistical factors. The mean time taken to screen each neonate was 11 minutes 17 seconds (range 5 -40 minutes), and the median time taken to screen was 10 minutes. Thirty-four neonates had a screening time of longer than 11 minutes, and 11 (32%) of these neonates had no identifiable challenges contributing towards their prolonged screening time.
Challenges (Table 2 ) included equipment failure, noise interference, and vernix caseosa in the external auditory canal.
• Equipment failure was identified as a challenge in 5 (4.1%) cases, 2 of which required repeat DPOAEs.
• Noise interference was identified in 39 (32.2%) cases, and 27 (69.2%) of these required a repeat DPOAE (odds ratio (OR) 2.25, 95% CI 1.14 -4.44; p=0.001). Half of these neonates (14/27, 52%) also had a finding of vernix caseosa in their ears at the initial screen.
• Vernix Caseosa was identified as a challenge complicating screening. Its presence was documented in 86 (71%) neonates, but was a challenge complicating screening in only 40 (33%) neonates, with 39 (97.5%) requiring a repeat DPOAE (OR 0.015, 95% CI 0.002 -0.1155, p<0.0001).
• Other challenges included crying (n=4, 3.3%), the screening session being interrupted (n=1, 0.8%) and a baby who was hiccupping during the session (n=1, 0.8%).
Other challenges identified during the study
During the screening period, 121 neonates out of a total of 2 740 live birth deliveries (4.4%) were screened. Challenges encountered included:
• High patient-assessor ratio/limited coverage -a team of 4 audiologists was available to conduct the screening. However, 1 audiologist resigned during the study period. Prior to the decrease in the staff complement, the audiologist on duty would see, on average, 12 neonates per week. This decreased in the third month of screening, to 7 neonates per week (Fig. 2 ).
• Technical difficulties were encountered with the DPOAE machine in the second week of screening, requiring repair, which took 3 weeks. Screening could only recommence once an OAE machine had been borrowed from the university's audiology department, in the fourth week of screening. Another technical difficulty was that at the time of the screening, the ABR machine at the referral hospital was also being repaired. This had a negative impact on the 2 neonates requiring ABR testing after not passing DPOAE screening.
• The early discharge of neonates born via normal vaginal delivery also created a challenge. Mothers and infants are typically discharged home within 6 -8 hours after delivery, if no complications exist.
Discussion
This study highlighted many of the challenges present in this context that are preventing the implementation of UNHS. The implementation of a UNHS programme at a secondary institute was found to be unattainable in the study's setting with the available staff and equipment. 
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The primary challenge was the limited number of audiologists available to perform the screening. With 2 740 neonates being delivered during the screening period, 228 neonates would need to be screened per week, and 45 neonates would require screening daily during a 5-day working week. Audiologists employed in the state sector do not currently receive financial remuneration for any overtime work, and so screening had to occur during regular working hours. An alternative to audiologists being solely responsible for the hearing screening would be to involve nursing staff or trained screeners. This would alleviate the problem of audiologists being required to conduct screening after hours, as most nursing staff work in shifts and so would be available for after-hours screening. This would also ensure that the aim of UNHS, to screen all newborns just after birth or before discharge from hospital, is achieved. [8] In Lagos, Nigeria, a 2-week training period for non-specialist staff in the use of transient evoked otoacoustic emissions screening was deemed feasible. The study reported that 98.7% of all eligible newborns were screened before being discharged from the hospital. [13] A similar study in SA, where clinic nurses were trained to screen infants with DPOAEs, was successful in achieving a high follow-up rate for those requiring repeat screening, although it only managed to screen 32.4% of infants eligible for screening. [14] The next challenge identified in this study was one of screening equipment. In the second week of screening, the OAE machine malfunctioned, and was sent to the manufacturer for repair; this took 3 weeks. This technical complication was unexpected, but highlights the fact that in order for a unit to have a successful UNHS programme, there should be more than one piece of equipment available. This recommendation applies to diagnostic ABR equipment as well, as this forms part of the important measures required for EHDI to be successfully implemented. [6, 7] Although these physiological forms of testing are the approved screening methods, alternative methods may be utilised in resourcepoor settings. [7;15] Behavioural observation testing has been shown to have a high sensitivity and specificity, as well as being quick and inexpensive to perform, although its specificity and sensitivity has been found lacking when compared with objective electrophysiologic measures. [16] Historically, this form of testing was associated with infants aged 6 -9 months, which may be too late, considering that the 2007 JCIH guidelines on detecting hearing impairments recommend that hearing loss be identified by 3 months of age. [17] Behavioural observation testing could be of limited use in the interim for developing countries.
The next challenge identified was the influence of ambient noise, which resulted in a statistically significant number of children requiring repeat DPOAEs screening. The ideal hospital ward should be a setting of rest for a patient, especially in a postnatal ward where mothers and babies are rooming-in together. The reality is that the ambient noise levels recorded in the wards of a developing country's hospital were found to typically range between 61.0 and 90.5 dB. [18] According to the World Health Organization, an ideal ambient noise level in a hospital ward is 30dB. [19] A dedicated screening area with ambient noise levels not exceeding 50 -55dB is required so as to minimise the number of false positive test results. [20] False positive 'refer' results may cause the caregivers undue stress, and result in their having to return to the hospital for a repeat screening test.
The next challenge influencing successful implementation of UNHS in the current study was vernix caseosa, a physiological substance produced by the fetus in utero. [21] Owing to the sticky nature of vernix, it can be quite difficult to remove from a neonate's ear. Otoscopic examination revealed that 86 (71%) neonates had vernix in their ears, but in only 40 (46%) was this identified as a challenge by the screener. Forty-five percent of neonates with vernix caseosa required repeat DPOAE. The removal of vernix caseosa and other debris from the ear canal of neonates has been shown to improve pass rates when conducting OAEs. [22, 23] Khoza-Shangase et al. [24] recommend that in order for more neonates to be assessed, and for confounding factors such as the presence of vernix caseosa to be minimised, screening should take place on day 3 of life, at the midwife outpatient unit. This would be difficult to implement in the current study's facility, as neonates who are born vaginally there are typically discharged within a couple of hours of delivery. Similar findings were reported by Tsui et al., [25] who described delaying diagnostic ABR by up to 50 days post-delivery. The disadvantages of delaying the hearing screening are that there could potentially be a delay in the detection of hearing loss, as well as potential emotional stress to the caregivers as they await the hearing assessment. [25] This possible anxiety from delaying the screening needs to be weighed against the potential anxiety caused by a false positive finding, which may inhibit bonding between mother and child. [26] The last challenge identified in this study was early discharge of neonates from the ward. Screening neonates born after hours via normal vaginal delivery was an anticipated difficulty, as these mothers are typically observed for 6 -8 hours post-delivery, and then discharged. A possible solution to this would be the audiologists having a larger team, who could then screen at two time intervals during the day, or alternate healthcare professionals being trained to conduct hearing screening. [27, 28] The second group of neonates who were not screened was those who were born over the weekends and discharged home before being enrolled into the study. This limitation was a major factor when assessing the feasibility of UNHS.
The aforementioned challenges require careful attention during the planning and implementation of UNHS in developing-country contexts, where resource constraints dictate priorities.
Conclusion
Current findings revealed that conducting a UNHS programme was not feasible at a secondary level hospital in Gauteng, SA. These findings raise important implications around planning, human resource allocation, budgeting for equipment, as well as training of non-audiologists for successful implementation of UNHS programmes within this context. Current findings should be interpreted within the identified study's methodological limitations.
The main limitation of this study was that the time period used for data collection was limited to three months. It is believed that a longer time frame might have influenced the current findings. The second limitation is that the study was in one hospital where resources are significantly better than in a number of other hospitals in the country; therefore, generalisability of the findings is limited. These limitations, therefore, raise implications for future studies.
